Objective: Maintaining oral hygiene is very important during orthodontic therapy mouthwashes are prescribed as an adjunct to improve patient's oral hygiene. Commercially available mouthwashes e.g. Chlorhexidine, Listerine, fluoride containing mouthwashes have shown to alter the surface characteristics of orthodontic wires. Hence the purpose of the study was to evaluate the effect of Noni mouthwash on surface quality and compositional changes of Nickel Titanium orthodontic wires. Materials and Methods: In this in vitro study pre-formed 0.014 inch NiTi arch wire was used. The study comprised of two samples, one control and one test sample which were 25mm in length. Control sample was stored at room temperature without any manipulation while test sample was immersed in Noni mouthwash solution for 1.5 hours, after which the test specimen was removed from the mouthwash solution and rinsed with distilled water. Both control and test samples were sent for scanning electron microscopy analysis, to qualitatively characterize the topography of the wire surface. Electron dispersion spectrum analysis was done to evaluate the various components of both the wires. Results: No significant difference in the average surface roughness for both wire samples was observed. There was no significant difference seen in the composition of wire after immersion in Noni mouthwash. Conclusion: Noni mouthwash did not have significant influence on the surface roughness or altered the composition of the Ni-Ti wire. Hence Noni mouthwash may be prescribed as a natural, non-destructive prophylactic agent for orthodontic patients.
Introduction
Orthodontic treatment is vital for correcting the malpositioned teeth as well as creating an attractive smile which helps in improving and maintaining good oral and dental health and contributes to the development of self-esteem of the patient. The principle of orthodontic therapy is to utilize the stored elastic energy in the orthodontic wires to carry out desired tooth movement. [1] Efficient orthodontic treatments rely on the perfect design and condition of the wires. Wires exposed to the oral environment are subjected to acidic environment of the oral cavity and various supplements such as prophylactic agents and mouthwash solutions which results in corrosion of the wire. This gradual corrosion of the wire resulting from chemical reactions can have several adverse effects such as the release of elements from metallic wires and roughening of the wire surface. [2] Orthodontic treatment requires the use of bands, brackets, wires, and ligatures resulting in a change in oral environment which makes the dental plaque elimination challenging. Dental plaque accumulation accentuates around the bands and brackets during orthodontic treatment leading to gingivitis and dental caries. [3] [4] [5] Studies have shown progression of hyperplastic gingivitis during 1-2 months after bonding of the fixed appliances. [4] Alterations in oral microflora and limited access to teeth surfaces result in gingivitis and decalcifications around fixed appliances, therefore, to prevent these side effects, oral irrigation with different mouthwashes have been suggested. [6, 7] Chlorhexidine is one of the most commonly prescribed mouthwashes which is used effectively in periodontal and orthodontic patients. This mouthwash inhibits plaque formation and acidogenic bacteria and indirectly can reduce dental caries. [8] However, chlorhexidine mouth rinses are usually prescribed for a short term only due This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com to its metallic taste and adverse effects on tooth color and normal oral flora.
Fluoride mouthwashes are also prescribed by orthodontists to guard against demineralization or white spot lesions around orthodontic brackets. [9] However, fluoride ions in the prophylactic agents have been reported to cause corrosion, discoloration, and alteration of the mechanical properties of metallic wires. [10] Prescribing oral mouthwashes is usually necessary in orthodontic patients, but the main concern is their side effects on orthodontic attachments and wires. These mouthwashes can affect superficial surface characteristics and mechanical properties of metallic parts of orthodontic appliances.
To overcome the side effects of inorganic mouthwashes, more natural and herbal products can be used as mouthwashes. One such natural alternative is Noni juice. Morinda citrifolia (Noni) is found to have a broad range of therapeutic effects such as antiviral, antibacterial, antifungal, analgesic, anti-inflammatory, immune enhancing effect which can be used to prevent plaque accumulation, gingival inflammation, and demineralization around orthodontic brackets.
Hence, the objective of this article is to evaluate the effect of Noni juice as a mouthwash on the surface properties of the nickel-titanium orthodontic wire.
Materials and Methods
In our study two preformed 0.014" Niti wires of length 25 mm each were used. 1. Control group -A single 0.014" Niti wire stored at room temperature without manipulation 2. Test group -A single 0.014" Niti wire immersed in Noni mouthwash.
Test sample was immersed in Noni mouthwash solution for 1.5 h. This exposure time is equivalent to 3 months of 1-min daily mouthwash application. [11] Just before testing, the test specimen was removed from the mouthwash solution and rinsed with distilled water. Both control and test samples were sent for scanning electron microscopy analysis, to qualitatively characterize the topography of the wire surface. The samples were also sent for electron dispersion spectrum analysis to determine change in the constitution of the wire after immersion in Noni mouthwash, if any.
Results
Both the control and test wire samples were evaluated using scanning electron microscope under a magnification of 800X. Both the wire surfaces appeared to have numerous linear areas, which might be the result of the manufacturing process of the wire. The test wire surface did not show any dark smudge areas, elongated, mottled, globular or pitted surface characteristics, after exposure to Noni mouthwash, indicating no severe changes in the wire surface topography as compared with the control wire as shown in Figures 1 and 2 .
Electron dispersion spectrum analysis of control and test wire samples did not show any change in the constituents of the wire after immersion in Noni mouthwash as shown in Figures 3 and 4 .
Discussion
Fixed orthodontic treatment requires bonding of attachments/brackets to the teeth surface to facilitate tooth movement. These attachments provide a surface for retention of plaque and make oral hygiene maintenance difficult. Maintenance of good oral hygiene during fixed orthodontic treatment is very important to prevent the iatrogenic effects of bonding attachments to the teeth surface. The orthodontist might prescribe mouthwashes to the patients to aid in maintaining the oral hygiene. These mouthwashes can be chlorhexidine (most commonly used) and fluoride containing, but very little attention is paid on the negative effects of these mouthwashes on the properties of orthodontic archwires, which are the mainstay of orthodontic treatment.
Nowadays, many patients are attracted toward the herbal or natural products because they are considered to be harmless and have minimal side effects, if any. M. citrifolia (Noni) is a traditional folk medicinal plant which has various nutrients that provide this plant with a wide range of therapeutic effects and nutritional value with many health benefits. More than 160 phytochemicals are present in the Noni plant which includes phenolic compounds, organic acids, and alkaloids which are proven to have antimicrobial, antifungal, anti-inflammatory, and anti-carcinogenic properties. [12] Analysis has shown that there are no toxic or prohibited substances in M. citrifolia juice, and Noni drinks are potential sources of phytochemical constituents and antimicrobial agents which may be useful for pharmaceutical industries. [13, 14] No study has been conducted to evaluate the effect of Noni mouthwash on the corrosion of orthodontic wires, so this study was undertaken to evaluate the surface changes and compositional changes in orthodontic wire by Noni mouthwash.
Soni et al. [15] studied the effect of fluoride mouthwash on the surface quality of orthodontic wires and found that fluoride mouthwash produced qualitative surface topography changes on wires and following fluoride exposure wires exhibited an increase in overall surface roughness. Study done by Brar et al. [16] also found that fluoride-containing Listerine mouthwash produced high corrosion rate of the wire, followed by chlorhexidine, and least corrosion rate was found in organic (neem) mouthwash. Noni juice has been used as a mouthrinse in gingivitis and oral candidiasis patients. Hence, to make use of anti-candidal property of Noni in orthodontic treatment, we conducted a study to evaluate the effects of Noni mouth wash in orthodontic archwire. Noni mouthwash was prepared from Noni juice.
Preparation of Noni mouthwash -Noni mouthwash was prepared according to study done by Glang et al. where 0.9% NaCl (normal saline) was used to dilute the Noni juice in the concentration of 1:2 (Noni juice: saline) as this concentration was found to completely inhibit aerobic and anaerobic bacterial growth. [17] The initial archwire used in orthodontic treatment for leveling and aligning (0.014" NiTi wire) was chosen for the study. The control group was not immersed in any solution whereas the test group was immersed in the prepared Noni mouth rinse for 1.5 h which is equivalent of 3 months of 1 min daily mouth rinsing with Noni mouthwash.
The passivation effect for nickel-titanium wires is provided by the titanium oxide layer formed at the surface of the wire. This surface passivation prevents further oxygen diffusion, resulting in corrosion resistance, however, if the passivation layer is disrupted, the wires become susceptible to corrosion. [18] In our study, there was no significant change in the wire surface topography indicating that the passivating layer was not disrupted and the corrosion resistance of the wire was maintained.
Studies have found that chlorhexidine mouthwash increases corrosion of orthodontic wires and causes release of nickel and chromium ions from the wires. [16, 19] This provides metallic taste sensation and discoloration of teeth. Noni mouthwash did not cause significant corrosion of the archwire thus decreasing the possibility of metallic ion release. This can be confirmed by electron dispersion spectrum analysis which showed the same levels of different constituents of the wire even after immersion in Noni mouthwash. Hence, proving that Noni mouthwash is reliable in maintaining the surface properties and corrosion resistance of the wire, oral cavity conditions are more complex due to factors such as pH changes, oxygen level concentration, temperature, food debris which leads to increased corrosion of orthodontic wires and further study is needed to evaluate the changes intraorally. 
Conclusion
Noni mouthwash did not cause any change in the surface property or the constitution of the orthodontic wire. Hence, Noni mouthwash can be used in orthodontic patients to prevent candida infection, and further research can be carried on this subject to confirm the in vivo use of Noni mouthwash.
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